Abstract: Two phenyl ester and three benzyl ester derivatives have been synthesized from 2,6-di(pyrazol-1-yl)pyridine-4-carboxylic acid and the appropriate phenyl or benzyl alcohol using N,Ndicyclohexylcarbodiimide as the coupling reagent. ·2MeNO 2 (L 3 = 3,4-dimethoxyphenyl 2,6-di{pyrazol-1-yl}pyridine-4-carboxylate), one of which is crystallographically characterised as high-spin while the other exhibits the onset of spin-crossover above room temperature. The other complexes are similarly low-spin at low temperature but exhibit gradual spin-crossover on heating, except for an acetone solvate of [Fe(L 5 ) 2 ][BF 4 ] 2 (L 5 = benzyl 2,6-di{pyrazol-1-yl}pyridine-4-carboxylate), which exhibits a more abrupt spin-transition at T 1/2 = 273 K with 9 K thermal hysteresis.
Introduction
Spin-crossover (SCO) compounds are an important class of molecular switches which are widely studied in molecular materials chemistry [1] [2] [3] . The SCO switching event changes a number of physical properties in a material including its colour, magnetic moment [4] , volume [5] , dielectric properties [6] [7] [8] [9] , conductivity [9] [10] [11] [12] , and fluorescence [13] [14] [15] . Solid or mesophase phase transitions and isotropic melting can also be coupled to spin transitions in soft materials containing SCO centres [16, 17] . Moreover, a material's SCO switching properties are preserved at the nanoscale in particles [18] or thin films [19] above 30-50 nm in diameter (size effects become important at smaller length scales) [20] . This has led to SCO centres being incorporated into a variety of functional and multifunctional materials and prototype devices [3, 21] . A popular family of compounds in spin-crossover (SCO) research is derived from [Fe(bpp) 2 ] 2+ (bpp = 2,6-di{pyrazol-1-yl}pyridine) [22] [23] [24] . Many functional groups can be appended to the bpp ligand skeleton [25] , with predictable consequences for the spin state of the coordinated iron atom [26, 27] . This flexibility has allowed emissive [28] [29] [30] [31] , photo-isomerizable [32] , redox active [33, 34] , magnetically active [35, 36] , and metal-binding substituents [31, [37] [38] [39] as well as surface-binding tether groups [40] [41] [42] to be attached to the [Fe(bpp) 2 ] 2+ framework, giving a variety of multifunctional SCO molecular switches.
With that in mind, we [43] and others [29, 35, 36, [44] [45] [46] have employed 2,6-di(pyrazol-1-yl)-pyridine-4-dicarboxylic acid [47] as a convenient precursor to new bpp derivatives bearing tether groups or other functionalities for SCO research. On our part, we recently reported a family of 2,6-di(pyrazol-1-yl)pyridine-4-dicarboxylate esters bearing long chain 4-alkoxyphenyl substituents, which are derived from L 1 and L 2 (Scheme 1). The iron(II) complexes of these (potentially amphiphilic) ligands proved to have a varied structural chemistry that depends on the R 1 alkoxy chain length.
As a continuation of this work, we describe two new series of 2,6-di(pyrazol-1-yl)pyridine-4-dicarboxylate esters and their iron complex chemistry. First are two dimethoxy or dihydroxyphenyl esters L 3 and L 4 as models for new derivatives bearing two R 2 alkoxy chains per ligand, which may increase their amphiphilic character. Second are the first three benzyl 2,6-di(pyrazol-1-yl)pyridine-4-dicarboxylate esters L 5 -L 7 to examine how additional conformational flexibility in the ester linkage affects the structural chemistry of this family of compounds.
Results and Discussion

Synthesis
2,6-Di(pyrazol-1-yl)pyridine-4-carboxylic acid was prepared by the literature route, from pyrazole and 2,6-dibromopyridine-4-dicarboxylic acid (Scheme 2) [47] . Refluxing this precursor in thionyl chloride converted it in situ to 2,6-di(pyrazol-1-yl)pyridine-4-carbonyl chloride, which was then treated with 3,4-dimethoxyphenol to afford L 3 in 55% overall yield. Conversion of L 3 to L 4 was achieved in 69 % yield using a ten-fold excess of boron tribromide. Alternatively, reaction of 2,6-di(pyrazol-1-yl)pyridine-4-carboxylic acid with the appropriate benzyl alcohol, in the presence of the coupling agent N,N-dicyclohexyl carbodiimide (DCC) and catalytic 4-(dimethylamino)pyridine (DMAP), gave L 5 -L 7 in low-to-moderate recrystallized yields. The identities of all the ligands were confirmed by 1 H and 13 C NMR and HR-ESMS spectrometry, while four of the new ligands were also characterised by X-Ray crystallography. Scheme 1. Ligands referred to in this work. L 1 , L 2 and their iron(II) complexes are described in [43] .
Results and Discussion
Synthesis
2,6-Di(pyrazol-1-yl)pyridine-4-carboxylic acid was prepared by the literature route, from pyrazole and 2,6-dibromopyridine-4-dicarboxylic acid (Scheme 2) [47] . Refluxing this precursor in thionyl chloride converted it in situ to 2,6-di(pyrazol-1-yl)pyridine-4-carbonyl chloride, which was then treated with 3,4-dimethoxyphenol to afford L 3 in 55% overall yield. Conversion of L 3 to L 4 was achieved in 69 % yield using a ten-fold excess of boron tribromide. Alternatively, reaction of 2,6-di(pyrazol-1-yl)pyridine-4-carboxylic acid with the appropriate benzyl alcohol, in the presence of the coupling agent N,N-dicyclohexyl carbodiimide (DCC) and catalytic 4-(dimethylamino)pyridine (DMAP), gave L 5 -L 7 in low-to-moderate recrystallized yields. The identities of all the ligands were confirmed by 1 H and 13 C NMR and HR-ESMS spectrometry, while four of the new ligands were also characterised by X-Ray crystallography. 2·6H2O by the appropriate ligand in acetone, which yielded the products as red or brown microcrystals after the usual work-up. All the complexes were solvent-free solids by microanalysis after drying in vacuo, except [Fe(L 4 )2][BF4]2, which contained 2 equiv lattice water. While this solvent is not evident in the crystal structure of that complex, the disorder in the crystal (see below) and the hydrogen bonding capabilities of the L 4 ligand could both facilitate absorption of atmospheric moisture by the bulk material.
Crystallographic Characterization
All the new ligands except L 4 were crystallographically characterised. The pyridyl and pyrazolyl groups in the tris-heterocyclic ligand cores all adopt the anti-coplanar orientation that is typically found in crystalline bpp derivatives [48] . This avoids repulsive interactions between the pyridyl N1 and pyrazolyl N2 lone pairs [49] . The asymmetric units of L 5 and L 7 ·½MeCN both contain two crystallographically independent ligand molecules (i.e., Z' = 2). While the two unique molecules of L 5 have essentially identical conformations, the two molecules of L 7 show significantly different torsions about their benzyl substituent methylene groups.
Recrystallization of [Fe(L 3 )2][BF4]2 from nitromethane/diethyl ether gave mixtures of two crystal forms, which were readily distinguished by their dark red and bright yellow colouration and proved to be polymorphs of formula [Fe(L 3 )2][BF4]2·2MeNO2 (Figure 1 ). Both polymorphs exhibit the triclinic space group P1 but with significantly different unit cell parameters. Crystals of the major red α-polymorph are low-spin at 120 K according to the metric parameters at the iron atom, while the minor yellow β-polymorph is high-spin at the same temperature ( Table 1) . As well as the expanded FeN6 coordination sphere expected for a high-spin complex [50] , the coordination geometry of the β-polymorph is significantly more distorted away from the idealized D2d symmetry expected for this ligand combination. This is evident in the trans-N{pyridyl}−Fe-N{pyridyl} angle (φ), and the dihedral angle between the least squares planes of the heterocyclic cores of the two L 3 ligands (θ). Both parameters in the α-polymorph are close to their idealized values of 180 and 90°, respectively (Table  1) , which is to be expected in low-spin [Fe(bpp)2] 2+ derivatives [22] . However, the β-polymorph exhibits reduced values of φ = 166.41(12)° and θ = 79.90(3)°. Deviations of these parameters from their ideal values are common in high-spin compounds [24] and reflect an angular Jahn-Teller distortion of the high-spin 5 T configuration [51, 52] . Since the distortion is only a property of the high-spin molecules, distorted molecules must rearrange to a more regular coordination geometry during spincrossover, which can be inhibited in a rigid solid lattice. In practice, spin-crossover is rarer in complexes exhibiting φ < 172° in their high-spin form, as in 4 ] 2 , which contained 2 equiv lattice water. While this solvent is not evident in the crystal structure of that complex, the disorder in the crystal (see below) and the hydrogen bonding capabilities of the L 4 ligand could both facilitate absorption of atmospheric moisture by the bulk material.
All the new ligands except L 4 were crystallographically characterised. The pyridyl and pyrazolyl groups in the tris-heterocyclic ligand cores all adopt the anti-coplanar orientation that is typically found in crystalline bpp derivatives [48] . This avoids repulsive interactions between the pyridyl N1 and pyrazolyl N2 lone pairs [49] . (Figure 1 ). Both polymorphs exhibit the triclinic space group P1 but with significantly different unit cell parameters. Crystals of the major red α-polymorph are low-spin at 120 K according to the metric parameters at the iron atom, while the minor yellow β-polymorph is high-spin at the same temperature ( Table 1) . As well as the expanded FeN 6 coordination sphere expected for a high-spin complex [50] , the coordination geometry of the β-polymorph is significantly more distorted away from the idealized D 2d symmetry expected for this ligand combination. This is evident in the trans-N{pyridyl}−Fe-N{pyridyl} angle (ϕ), and the dihedral angle between the least squares planes of the heterocyclic cores of the two L 3 ligands (θ). Both parameters in the α-polymorph are close to their idealized values of 180 and 90 • , respectively (Table 1) , which is to be expected in low-spin [Fe(bpp) 2 ] 2+ derivatives [22] . However, the β-polymorph exhibits reduced values of ϕ = 166.41 (12) • and θ = 79.90(3) • . Deviations of these parameters from their ideal values are common in high-spin compounds [24] and reflect an angular Jahn-Teller distortion of the high-spin 5 T configuration [51, 52] . Since the distortion is only a property of the high-spin molecules, distorted molecules must rearrange to a more regular coordination geometry during spin-crossover, which can be inhibited in a rigid solid lattice. In practice, spin-crossover is rarer in complexes exhibiting [22] . This reflects a distorted conformation in ligand N(2B)-C(29B) caused by two short intermolecular C-H…π contacts involving benzylic CH2 groups in the lattice (Figure 2 4 ] 2 were also crystallographically characterised. While not being isostructural, all three of these compounds contain two unique complex molecule environments in their asymmetric units (i.e., Z' = 2). Both complex cations in each compound are low-spin at 120 K, with only minor differences in their coordination geometries ( [22] . This reflects a distorted conformation in ligand N(2B)-C(29B) caused by two short intermolecular C-H . . . π contacts involving benzylic CH 2 groups in the lattice ( Figure 2 ).
The two unique molecules in each crystal differ in the disposition of their ester substituents. 4 ] 2 is badly disordered, reflecting a steric clash with its symmetry equivalent across a crystallographic inversion centre ( Figure 3 ). The disorder extends to two BF 4 − ions (and their symmetry equivalents) which hydrogen bond to this dihydroxy-phenyl residue. 
, which is highlighted with dark colouration. Symmetry codes:
Colour code: C, white or dark grey; H, pale grey; Fe, green; N, pale or dark blue; O, red. Lastly, a preliminary structure solution was achieved from a weakly diffracting crystal of [Fe(L 7 )2][BF4]2·nMe2CO·¼H2O (orthorhombic, space group Pna21), which was also clearly low-spin at 120 K. Interestingly, this crystal also has Z' = 2, with two unique complex molecules in its asymmetric unit. Although a full refinement of that structure was not achieved, the preliminary model was sufficient to compare with the powder diffraction data from that compound as described below. 
Characterization of the Bulk Materials
Colour code: C, white or dark grey; H, pale grey; Fe, green; N, pale or dark blue; O, red. Lastly, a preliminary structure solution was achieved from a weakly diffracting crystal of [Fe(L 7 )2][BF4]2·nMe2CO·¼H2O (orthorhombic, space group Pna21), which was also clearly low-spin at 120 K. Interestingly, this crystal also has Z' = 2, with two unique complex molecules in its asymmetric unit. Although a full refinement of that structure was not achieved, the preliminary model was sufficient to compare with the powder diffraction data from that compound as described below. , which was also clearly low-spin at 120 K. Interestingly, this crystal also has Z' = 2, with two unique complex molecules in its asymmetric unit. Although a full refinement of that structure was not achieved, the preliminary model was sufficient to compare with the powder diffraction data from that compound as described below.
The The freshly prepared [Fe(L 3 )2][BF4]2·2MeNO2 was a mixture of the α-and β-polymorphs, but the pure α-polymorph could be obtained by decanting off crystals of the β-form. Magnetic susceptibility data from freshly prepared [Fe(L 3 )2][BF4]2·2MeNO2 showed a constant χMT value of 1.1 cm 3 mol −1 K between 50-100 K (where zero-field splitting effects do not operate), implying a ca. 30% high-spin population at those temperatures ( Figure 6 ). That is consistent with a mixture of low-spin α-and high-spin β-polymorphs, as observed crystallographically. A gradual increase in χMT on further warming may imply the onset of SCO in α-form at higher temperatures. This was confirmed by measurement of the purified α-polymorph of the complex, which is diamagnetic and fully low-spin below 220 K but shows a gradual increase in χMT on further heating, reaching 0.7 cm 3 mol −1 K at 350 K. That is consistent with high-temperature SCO, with T½ > 400 K, from extrapolation of the data. This resembles other [Fe(bpp)2] 2+ complex salts bearing carboxy substituents, which often exhibit SCO significantly above room temperature in the solid state [27, 36, [43] [44] [45] [46] . Magnetic susceptibility data from freshly prepared [Fe(L 3 ) 2 ][BF 4 ] 2 ·2MeNO 2 showed a constant χ M T value of 1.1 cm 3 mol −1 K between 50-100 K (where zero-field splitting effects do not operate), implying a ca. 30% high-spin population at those temperatures ( Figure 6 ). That is consistent with a mixture of low-spin α-and high-spin β-polymorphs, as observed crystallographically. A gradual increase in χ M T on further warming may imply the onset of SCO in α-form at higher temperatures. This was confirmed by measurement of the purified α-polymorph of the complex, which is diamagnetic and fully low-spin below 220 K but shows a gradual increase in χ M T on further heating, reaching 0.7 cm 3 mol −1 K at 350 K. That is consistent with high-temperature SCO, with T 1/2 > 400 K, from extrapolation of the data. This resembles other [Fe(bpp) 2 ] 2+ complex salts bearing carboxy substituents, which often exhibit SCO significantly above room temperature in the solid state [27, 36, [43] [44] [45] [46] . Figure 6 ). The SCO is monotonic within the temperature range of the measurement, showing the two unique molecular environments in the crystal undergo SCO at similar temperatures. The transition is also reversible with a narrow thermal hysteresis, implying it is barely perturbed by any solvent loss when the sample is heated. However, after recrystallization from acetone/diethyl ether, the same complex showed a more abrupt, hysteretic spin-transition centred just below room temperature (T½↓ = 269 K, T½↑ = 278 K at a scan rate of 5 K min −1 ). This phase is not isostructural with the MeCN solvate ( Figure 5 ), but since its crystals were unsuitable for a crystallographic determination, the structural origin of this enhanced SCO cooperativity is presently unclear. (Figure 7) . Thermodynamic parameters and spin-crossover midpoint temperatures were derived from these data by fitting these data to Equations (1) and (2), where nHS(T) is the high-spin fraction of the sample at temperature T: Magnetic data from most of the other complexes are similar in being low-spin below 150 K (in agreement with their crystal structures) while undergoing gradual SCO with 4 ] 2 shows a low-temperature χ M T value of 1.6 cm 3 mol -1 K between 50-100 K, implying almost 50% of the sample remains high-spin at all temperatures, which is inconsistent with its crystallographic data ( Table 2 ). While the sample was phase pure by powder diffraction (Figure 5 ), it also contained lattice water by microanalysis, which is not evident in the crystal structure. That may indicate the presence of an amorphous, possibly hydrated, high-spin fraction in the material.
The Figure 6 ). The SCO is monotonic within the temperature range of the measurement, showing the two unique molecular environments in the crystal undergo SCO at similar temperatures. The transition is also reversible with a narrow thermal hysteresis, implying it is barely perturbed by any solvent loss when the sample is heated. However, after recrystallization from acetone/diethyl ether, the same complex showed a more abrupt, hysteretic spin-transition centred just below room temperature (T 1/2 ↓ = 269 K, T 1/2 ↑ = 278 K at a scan rate of 5 K min −1 ). This phase is not isostructural with the MeCN solvate ( Figure 5 ), but since its crystals were unsuitable for a crystallographic determination, the structural origin of this enhanced SCO cooperativity is presently unclear.
SCO (Figure 7) . Thermodynamic parameters and spin-crossover midpoint temperatures were derived from these data by fitting these data to Equations (1) and (2), where nHS(T) is the high-spin fraction of the sample at temperature T:
The fitted parameters were T 1/2 = 289.2(4) K, ∆H = 22.0(3) kJ mol −1 , ∆S = 76(2) J mol (1) and (2).
ln[(1 -nHS(T))/nHS(T)] = ΔH/RT -ΔS/R
(1)
ΔS = ΔH/T½
The fitted parameters were T½ = 289. 
Experimental Section
Instrumentation
Elemental microanalyses were performed by the microanalytical services at the University of Leeds School of Chemistry, or the London Metropolitan University School of Human Sciences. Electrospray mass spectra were recorded on a Bruker MicroTOF-q instrument from CHCl3 solution. Diamagnetic NMR spectra employed a Bruker Ascend Advance III spectrometer operating at 400.1 MHz ( 1 H) or 100.6 MHz ( 13 C), while paramagnetic 1 H NMR spectra were obtained with a Bruker DPX300 spectrometer operating at 300.1 MHz. X-Ray powder diffraction measurements were obtained from a Bruker D2 Phaser diffractometer, using Cu-Kα radiation (λ = 1.5419 Å).
Magnetic susceptibility measurements were performed using a Quantum Design VSM SQUID magnetometer in an applied field of 5000 G with a temperature ramp of 5 K min −1 . Diamagnetic corrections for the samples were estimated from Pascal's constants [56] , and SCO T½ values were estimated as the temperature where χMT = 1.75 cm 3 mol -1 K (high-spin complexes of this type typically exhibit χMT = 3.5 ± 0.1 cm 3 mol -1 K [22] ). Susceptibility measurements in solution were obtained by Evans method using a Bruker Avance 500 FT spectrometer operating at 500.1 MHz [57, 58] . A diamagnetic correction for the sample [56] , and a correction for the variation of the density of the CD3CN solvent with temperature [59] , were applied to these data.
Synthesis
2,6-Di(pyrazol-1-yl)pyridine-4-carboxylic acid (bpp COOH ) was prepared by the literature method [47] . (1) and (2).
Experimental Section
Instrumentation
Elemental microanalyses were performed by the microanalytical services at the University of Leeds School of Chemistry, or the London Metropolitan University School of Human Sciences. Electrospray mass spectra were recorded on a Bruker MicroTOF-q instrument from CHCl 3 solution. Diamagnetic NMR spectra employed a Bruker Ascend Advance III spectrometer operating at 400.1 MHz ( 1 H) or 100.6 MHz ( 13 C), while paramagnetic 1 H NMR spectra were obtained with a Bruker DPX300 spectrometer operating at 300.1 MHz. X-Ray powder diffraction measurements were obtained from a Bruker D2 Phaser diffractometer, using Cu-K α radiation (λ = 1.5419 Å).
Magnetic susceptibility measurements were performed using a Quantum Design VSM SQUID magnetometer in an applied field of 5000 G with a temperature ramp of 5 K min −1 . Diamagnetic corrections for the samples were estimated from Pascal's constants [56] , and SCO T 1/2 values were estimated as the temperature where χ M T = 1.75 cm 3 mol −1 K (high-spin complexes of this type typically exhibit χ M T = 3.5 ± 0.1 cm 3 mol −1 K [22] ). Susceptibility measurements in solution were obtained by Evans method using a Bruker Avance 500 FT spectrometer operating at 500.1 MHz [57, 58] . A diamagnetic correction for the sample [56] , and a correction for the variation of the density of the CD 3 CN solvent with temperature [59] , were applied to these data.
Synthesis
2,6-Di(pyrazol-1-yl)pyridine-4-carboxylic acid (bpp COOH ) was prepared by the literature method [47] . A mixture of bpp COOH (1.28 g, 5.0 mmol) and thionyl chloride (10 cm 3 ) was heated at reflux for 12 h. The coloured solution was evaporated to dryness, and the resultant 2,6-di(pyrazol-1-yl)pyridine-4-carbonyl chloride was redissolved in dimethylformamide (DMF, 15 cm 3 ). A mixture of 3,4-dimethoxyphenol (0.77 g, 5.0 mmol) and triethylamine (20 cm 3 ) in DMF (10 cm 3 ) was added to this solution. The reaction was stirred for 48 h at room temperature, yielding a large quantity of precipitate. Water (40 cm 3 ) was added to the stirred reaction mixture, which precipitated the product as an off-white solid. The product was collected, washed with water, and dried in vacuo. 
Crystal Structure Determinations
Experimental data for the crystal structures are listed in Tables 3 and 4 . Diffraction data for L 5 , L 6 , and L 7 · Tables 3 and 4 . All the structures were solved by direct methods (SHELXS97 [60] ), and developed by full least-squares refinement on F 2 (SHELXL97 [60] ). Crystallographic figures were prepared using XSEED [61] , while the V Oh FeN 6 coordination volumes were calculated using OLEX2 [62] .
CCDC Unless otherwise stated, all crystallographically ordered non-H atoms in the structures described below were refined anisotropically, and H atoms were placed in calculated positions and refined using a riding model. Disordered BF 4 -ions were modelled using refined B-F and F . . . F distance restraints, while fixed distance restraints were applied to disordered solvent molecules.
Organic Ligand Crystallographic Refinements
The asymmetric unit of L 5 contains two unique molecules of the compound while that of L 7 · 1 2 MeCN contains two molecules of L 7 and one acetonitrile molecule. All the H atoms in L 3 , L 6 , and L 7 · 1 2 MeCN were located in the Fourier map and refined positionally, with U iso constrained to 1.5x U eq of the corresponding C atom for methyl group H atoms, or to 1.2x U eq {C} for other H atoms. H atom positions were not refined for L 5 , because of the lower data:parameter ratio in that refinement.
While the L 5 crystal adopts a handed space group, its absolute structure could not be unambiguously determined owing to its light atom composition. Hence, the Friedel opposite reflections in this dataset were merged for the final least squares refinement cycles.
One of the BF 4 -ions is disordered over two sites, with refined occupancies of 0.59:0.41.
One nitromethane molecule is also disordered, and was refined over two orientations with the same occupancy ratio, but shares a common wholly occupied N atom. The asymmetric unit contains two crystallographically unique complex dications labelled 'A' and 'B'; three whole BF 4 -anions; and, two BF 4 -half-anion sites close to crystallographic inversion centres.
The dihydroxyphenyl substituent C(48B)-O(55B) is badly disordered and was refined over three sites with occupancies of 0.5:0.25:0.25 (the C3-hydroxyl O atom in orientation 'D' is further disordered over two equally occupied sites). These disordered phenyl groups were refined as rigid hexagons and with the fixed restraint C-O = 1.37(2) Å. One of the whole BF 4 -ions, and both of the half-anions, are also disordered over two or three sites. The asymmetric unit contains two unique complex dications, four BF 4 -anions and three molecules of acetonitrile. One benzyl substituent in each complex molecule was refined as disordered, both over two sites with a 0.6:0.4 occupancy ratio. The partial phenyl groups associated with this disorder were refined as rigid hexagons. Two of the anions are also disordered, one over two equally occupied sites and the other over three orientations with occupancies 0.60, 0.15, and 0.25; the first two of these share a common 0.75-occupied B atom. All fully occupied non-H atoms, plus F atoms with occupancy ≥0.5, were refined anisotropically. The asymmetric unit of this crystal also contains two formula units of the compound. That is, two complex dications, four BF 4 -anions, and three molecules of acetonitrile. Two of the anions are disordered, one over two equally occupied sites and the other over two orientations by rotation about a B-F bond with occupancies of 0.75 and 0.25. The highest residual Fourier peak of +1.3 eÅ -3 lies within one of the disordered anions.
Conclusions
Five new phenyl or benzyl 2,6-di(pyrazol-1-yl)pyridine-4-carboxylate esters have been synthesized and complexed to iron(II). The two polymorphs α-and β-[Fe(L 3 ) 2 ][BF 4 ] 2 ·2MeNO 2 are noteworthy as rare examples of high-spin and low-spin polymorphs of the same iron complex [63] . This reflects the presence of similar populations of both spin states in solutions of the complex at room temperature ( Figure 7 ) which, unusually, crystallize as separate crystal forms. The β-polymorph is trapped in its high-spin state by its twisted coordination geometry, which is significantly distorted from idealized D 2d symmetry. While that is a common feature of high-spin [Fe(bpp) 2 ] 2+ derivatives [24] , the separate crystallization of weakly distorted low-spin and strongly distorted high-spin polymorphs of the same complex has only been observed once before in this metal/ligand system [64] .
The [43] and other iron complexes of 2,6-di(pyrazol-1-yl)pyridine-4-carboxylate ester ligands [29, 37, [44] [45] [46] . That is, they are fully or predominantly low-spin at lower temperature but show the onset of gradual SCO on warming past room temperature. The exception is [Fe(L 5 ) 2 ][BF 4 ] 2 , which exhibits a more abrupt, hysteretic spin-transition near room temperature after recrystallization from acetone solution. Although this phase was not crystallographically characterised, it indicates that more cooperative SCO switching can be obtained with benzyl 2,6-di(pyrazol-1-yl)pyridine-4-carboxylate esters compared to their phenyl ester counterparts.
A feature of the crystal structures in this work is the regular occurrence of two unique molecules in the crystallographic asymmetric units. Thus, the crystal structures of L 5 , L 7 · 4 ] 2 is distinct from the others since the feature distinguishing its two unique complex cations is the presence or absence of sterically imposed disorder of a phenyl ester substituent. In the other cases, the crystallographically unique molecules show the presence or absence of ligand disorder to a similar extent but often differ in the conformations in their benzyl ester substituents. That implies the added flexibility of benzyl methylene linker in L 5 -L 7 contributes to this structural complexity. Be that as it may, there is clear potential for novel SCO structure:function properties in the iron/benzyl 2,6-di(pyrazol-1-yl)pyridine-4-carboxylate system which we are continuing to pursue in our current work.
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